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(57) A method of coupling a tubular member 210 to a 
preexisting structure 270 comprising: preforming 
the tubular memtmr to include a first portion, a 
second portion and a third portion; placing a 
mandrel 215 within the second portion of the 
tubular member; positioning the tubular member in 
an overlapping relationship to the preexisting 
structure; pressurizing an interior region within the . 
tubular member above the mandrel; and displacing 
the mandrel with respect to the tubular member; . 
wherein the inside diameter of the second portion 
of the tubular member is greater than the inside 
diameters of the first and third portions of the 
. tubular member. The preexisting structure may be a 
welibore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 

The present application claims the benefit of the flRng date of U.S. provisional 
patent application serial no. 60/183.546. attorney docket no. 25791.10, filed on 
2/18^00, the disclosure of which is incorporate! herein by reference. 

This application is a continuation-in-part of U.S. Serial No. 09/559.122, attorney 
docket number 25791.23.02. filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. provisional patent applicatioh serial number 60/13^,106, filed, on 
4/26/1999. which was a continuation-jn-part of U.S. patent application serial number 
09/523.460, attorney docket number 25791.11.02. filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provisional patent application serial no. 60/124.042, 
filed on 3/11/1999. which was a continuatlon-inHDart of U.S. patent application serial 
number 09/510,913, attorney docket number 25791,7.02. which claimed the benefit of 
the filing date of U.S. provistonal patent applkatioh serial number 60/121.702, filed on 
2/2S/1999, which was a oonfinujatkMi-iniMrt of U.S. patent application serial number 
09/502,350, attomey docket number 25791 .B.02..filed on 2/10/2000. which dalmed the 
benefit tif the filing date of U.S. provisional i^atent appRcatton serial number 
60/119,611. attomey docket number 25791.8, filed on 2/11/1999. which was a 
continuaaon-ftH»rt of U.S. patent applicatton serial number 09/454.139,' attomey 
docket number 25791.3.02. filed on 12/3/1999. which claimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/111,293, filed on 
12/7/1998. 

The present applicathm is related to the fbUowmg U.S. patent appllcattons: (1) 
utility patent appHcatkm number ■ attomey dodt^ number 25791.9.02. 

fHed on 11-16-1999. which claimed the benefit of ttte filing date of provisional patent 
application number 60/108,558, attorney docket number 25791.9. filed on 11-16-1998; 

(2) utility patent appllcaton number , . attomey docket number 25791 .3.02. 
filed on 12-3-1999. which claimed the benefit of the filing date of provisional patent 
application number 60/111,293, attomey docket number 25791.3, filed on 12-7-1998; 

(3) utility patent application number , attomey docket number 

25791.8.02, filed on 2-10-2000. whfch claimed the benefit of the filing date of 
proviskmal patent application number 60/119.611. attomey docket number 25791.8, 
fited on 2-11-1999; (4) provisional patent applicatton number 60/121.702, attomey 
docket number 25791.7. filed on 2-25-1999; (5) provlstonal patent appHcation number 
60/121.841, attomey docket number 25791.121. filed on 2-26-1999; (6) provisional 



patent application number 60/121.907. attorney docket number 25791.16. filed on 2- 
26-1 999; (7) provisional patent application number 60/1 24,042. attorney docket number 
25791.11, fOed on 3-11-1999; (8) prpvisional patent appllcation' number 60/131.108. 
attorney docket number 25791 .23. filed on 4-26-1999; (9) provisional patent appilcatton 
5 number 60/137.998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisional patent application number 60/143.039. attorney docket number 25791.26, 
filed on 7-9-1999; (11) provisional patent applkation number 60/146,203, attorney 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent application 

: • ■. attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 provisional patent application number _, attorney docket number 

25791.34. filed on 10-12-1999; (14) provisional patent application number ^ 

attorney docket number 25791.36. filed on 10-12-1999; (13) provisional patent 
applicatk)n number 60/159,033. attorney docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent applicatton number ._, attorney docket 

15 number25791,27, filed on 11-01-1999. 

Applicants Incorporate by reference the disdosures of these applications. 

. Background of the Inventkm 
This Invention relates generaHy to wdlbore casings, and In particular to wellbore 
casings that are formed using expandable tubing. 
20 ConventkMially, when a wellbore Is oneated, a number of casings an ir»talled In 

the borehole to prevent collapse of the borehole vi^ll and to prevent unde^red outflow 
of drilling fiuid Into the formation or Inflow of fluid from the fomwtton into the borehole. 
The borehole Is drilled in intervals wheret^ a casing which is to be installed in a lower 
borehole Interval Is towered trough a previously fristalled casing of an upper borehole 
25 interval. As a consequence of this procedure the casing of the lower inten/al Is of 
smaller diameter than the caising of the upper inten«l. Thus, the casings are a 
nested anangenwnt viith casing diameters decreasing in downviard directton. Cement 
annuli are provided between the outer surfaces of the casings and the borehote wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
30 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and driB cuttings. 
Moreover, increased drilling rig time s involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
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diameters drilled in the course oflhe well, and the large volume of cuttings drilled and 
removed. 

Conventionally* at the surface end of the wellbore, a weDhead is fomied that 
typically includes a surface casir^g, a numt>6r of production and/or drilling spools, 
5 valving, and a Christmas tree. Typically the welfftead further includes a concentric 
arrar^ment of casirK|s including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned above 
the grcnind. The conventional design and construction of wellheads is expensive and, 
complex. 

10 Conventionally, a wellbore casing cannot t>e formed during the drilling of a 

wellbore. Typically, the wellbona is drilled and then a wellbore casing is fonrned in the 
newty drilled section of the wellbore. This delays the completion of a well. 

The present Invention Is directied to overcoming one or more of the limitations of 
the existing procedures for forming wetlbores and wellheads. 

15 Surnmary 

According to another embodiment of the present Invention, a method of 
expanding a tubular rnember is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubujar mernber. 

20 According |to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the! second tubular member, a first 
annular sealing memt>er for sealing an interface between the first and second tubular 

25 members, a second annular sealing memt^r for sealirtg an interface between the 
second and third tubular rnemt>ers, and a mandrel positioned wittiin the firsit tubular 
member and coupled to an end of the third tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular member, and an annular chamt>er 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided fliat includes a preexisting structure and a tubular meml}er coupled to the 

35 preexisting structure. The tubular meml}er is coupled to ttie preexisting structure by 
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the process of: positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an 
annutar region within the tubular member above the mandrel, and dspiadng the 
mandrel with respect to the tubular member. 
5 According to another embodimerrt of the present invention, a method of 

expanding a tubular member is provided that includes preforming the tubular member 
to indude a first porti(Mi, a second portion, and a third portion, placing a mandrel within 
the secmd portion of the tubular meml>er, pressurizing a region within the tubular 
memben and displacing the mandrel with respect to the tubular nr^OTiber. The Inside 

10 diameter of the second portion of the tubular nr>errdl)er is greater than the inside 
diameters of the first and third portions of the tubular member. 

According to another embcxJiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the second tubular member, and a mandrel positbned within the second 
tubular number and coupled to an end portion of the third tubular rnember. The Inside . 
diameter of the second tubular member is greater than the inside diameters of the first 
arxi third tut)ular members. 

According to another embodiment of the present invention, an apparatus is 

20 provicted that indudes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular member positioned within the 
second portion of the tubular member, the piston induding a passage fbr conveying 
fluids out of the tubular member. The inside diameter of the second portion of the 
tubular member Is greater than the inside diameters of the first and third portions of the 

25 tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that indudes a preexisting stmcture and a tubular member coupled to the 
preexteting structure. The tubular member is coupled to the preexisting structure by 
ttie process of: preforming the tubular meml>er to Indude first, second, and third 

30 portions, positioning the tubular member in an overlapping relationship to the 
preexisting stiucture; pladng a ntandrel within the second po^on of the tubular 
member; pressurizing an interior region within the tutiular memt>er; and displadng the 
mar^rei with respect to the tubular merTit>er. The jnside diameter of the second portion 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tubular member. 



The present embodiments of the invention provkie metHods and apparatus for 
fomrwig and/or repairing wellbore casings* pipeDnes. and/or structural supports by 
radially expanding tubular members. In this manner, the fonnation and repair of 
vvellbore casings. pipelines..and stmctural suppcvts is improved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. lb Is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 1a. 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 1a 

FIG. 2a is a fragmentary cross-section niustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c Is another fragmentary cross-secUonal illustration of the apparatus of 
FIG. 2a 

FIG. 2d is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a, 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Illustrative Embodiments 
Refening now to FIGS, la, lb and 1c, ari apparatus 100 for expanding a 
tubular member will be described. In a preferred embodiment, the apparatus 100 
25 includes a support memberlOS, a packer 110, a first fluid conduit 115^ an annular fluid 
passage 120, fluid inlets 125, an annular seal 130, a second fluid conduit 135, a fluid 
passage 140^ a mandrel 145, a mandrel launcher 150, a tubular member 155. slips 
160, and seals 165. in a prefened embodiment, the apparatus 100 is used to radially 
expand the tubular menrtber 155. In this manner, the .apparatus 100 may be used to 
30 form a wellbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural support 
member. In a prefered embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupted to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting ' 
sectton of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 1 70. In a preferred embodiment, the support member 1 05 is 
releasably coupled to the mandrel launcher ISO. In this manner, the support member 
105 may be decoupted from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

' The packer 110 is coupled to the support member 1 05 and the first fluid conduit 

10 115. the packer 1 10 preferably provides a fluid seal between the outside surface of 
the first fluW conduit 115 and the inside surface of the support member 105. in this 
nnanner, the packer 110 preferably seals off and. in combination with the support 
rDember 1 05, first fluid conduit 1 1 5. second fluid conduit 1 35, and mandrel 1 45, defines 
an annular chamber 175. The packer 110 nr^y be any number of conventional 

15 commercially available packers modified in accwdance with the teachings of the 
fwresent disclosure. In a preferred embodiment, the packer 110 is an RTTS packer 
available from Halliburton Energy Services in order to opfimally provide high load and 
pressure containment capacity while also allowing the packer to be set and unset 
multipie times without having to pull the packer out of the wellbore. 

20 The first fluM conduit 115 is coupled to the packer 110 and the annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from, any 
number of conventional commerdially available materials such as, for example, oiiriekl 
country tubular goods, k3w alby steel, carbon steel, or stainless steel. In a preferred 
embodiment, the finst fluid conduit 115 includes one or more fluid inlets 125 for 

25 conveying fluklic materials froni the annular fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined t>y and positioned between the interior 
surface of the first fluid conduit 1 15 and the interior sur^ce of the second fluid conduit 
135. The annular fluid passage 120 Is preferably adapted to convey fluidic materials 
such as cement, water, epbxy. lubricants, and slag mix at operating pressures and flow 

30 rates ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally provide flow rates and operational pressures for the radial expansion process. 

The fluid inlets 125 are positioned in an end portion of the first fluid conduit 115. 
The fluid inlets 125 preferably are adapted to convey fluidic materials such as cement; 
water, epoxy. lubricants, and slag mix at operating pressures and flow rates ranging 



from about 0 to 9,000 psi and 0 to 3,000 galions/rranute in order to optimaliy provide 
flow rates arid operation^ pr^sures for the radial expar^sion process. 

The annular seal 130 Is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. Ttie anniibr seal 130 preferably provides a fluid seal betM^n the 
5 interior surface of the first fluid oonduK 1 15 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferBbly provides a fluid seal between the interior 
surfece of the first fluid conduit 115 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fiiiid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 available seals such as, for example, 0-rings, polypak seals, or metal spring energized 
seals, in a prefenred embodiment, the annular seal 130 is a polypalc seal available 
from Partcer Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated frorn 

15 any number of conventional commerdatly available materials such as, for example, 
coiled tubing, oilfield country tubular goods, low alloy steel, stainless steel, or low 
carbon steel. In a prefened embodirrient, the second fluid eonduit 135 is adapted to 
convey fluidic material such, as cement^ water, epoxy, lubricants, and slag mbc at 
(grating pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 

20 g9llons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

Tte fluid passage 140 is coupled to ttie second fluid conduit 135 and the 
mandrel 145. In a preferred ernt)odiment, the fluid passage 140 is adapited to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates rar^ing from about 0 to 9,000 psi and 0 to 3,000 
gallons/kminute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The mandrel 145 Is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The marxlrel 145 preferably are an annular member having a conic 

30 section fabricated from any number of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength altoys. In a preferred embodiment, the angle of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a prefenred 

35 embodiment, the surface of the conic section ranges from about 58 to 62 Rodcwell C in 



order to optimally provide high yield strength. In a preferred embodinlent, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body In order to optimally provide abrasion resistenoe and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expendible in 
order to fi^er optimally augment the radial expansion process. 

The mandrel launcher 150 Is coupled to the support member 105. (he mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wall thidcness In order to 
fadlitete the radial expansion process. In a preferred embodiment, the cross-sedional 
area of the mandrel iauhcher 150 at one end is adapted to mate with the mandrel 145, 
and at the other end, the cross-sectional area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thidcness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to tecilitete ti^e initiation 
of ttie radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low allow steel, stainless steel, or carbon steel In a preferred embodiment, the 
mandrel launcher 150 is fabricated from oilfieid country tobular goods having higher 
strengUi but lower wall tiiickness ttian ttie tubidar menr4>er 155 in order to optimally 
match the burst strength of the tubular member 155. In a preferred embodiment, the 
mandrel teuncher iSQ is removably coupled to flie tubular member 155. In this 
manner, ttie mandrel launcher 150 may be removed from the wellbore 180 upon the 
comptetion of an extrusion operation. 

In an alternative embodiment, the support member 105 and the nnandrel 
launcher 150 are Integrally fonmed. In this alternative embodiment, ttie support 
member 105 pr^erably terminates above tiie top of ttie packer 110. In ttiis alternative 
embodiment, ttie fluid conduits 115 and/or 135 provide structural support for ttie 
apparatus 100, using ttie packer 1 10 to couple togettier ttie elemente of ttie apparatus 
100. in tills attemative embodiment, in a preferred embodiment, during ttie radial 
expansion process, ttie packer 110 may be unset and reset, after the slips 160 have 
anchored ttie tubular member 155 to the previous casing 170. wittiin ttie tubular 
member 155. between radial expansion operations. In this manner, the packer 110 is 
moved downhole and the apparatus 1 00 is re^stroked. . 
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The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals '165. The tubular member 155 preferably is a tubular member fabricated from 
any number of donventional oommerciaily available materials such as, for example, low 
alloy steel, carbon steel, stainless steel, or oilfield country tubular goods, in a (deferred 
emtKxJiment, the tubular member 1 55 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155. In this 
nwnner. the slips 160 provide staictural support for the expanded tubular member 155. 
The slips 160 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungsten Gart)ide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred emt)odlment, the slips 160 are RTTS packer tungsten 
carbkle mechanrcal slips available from Halliburton Energy Services. In a prefenred 
embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750,000lbf. ; 

The seals 165 are coupled to the outsMe surfade of the tubular member 155. 
The seals 165 preferably provkte a fiuidic seal between the out^e surface of the 
expanded tubular rnenrtber 155 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 155. In this noanner, the 
seals 165 provkJe a fluldic seal for the expanded tubular memt>er 155. The seals 165 
may be any number of convrnttonal commercially available seals such as, for example, 
nitrile rubber, lead, Aflas rubber, Tefton, epoxy, or other ebstomers. In a prefenred 
embodiment, the seals 165 are rubber seals available from numerous convnerdal 
vendors in order to opttmally provide pressure sealing and load bearirig capacity. 

During operation of the appiaratus 100, the apparatus 100 is preferably lowered 
into a wellbore 180 having a preexisting section of weilbore casing 170. In a prefened 
embodiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 overlapping with a portion of the wellbore casing 170. In this manner, the 
radial expansion of the tubular member 155 will preferably cause the outside surface of 
the expanded tubular member 155 to couple with the inskJe surface of the wellbore 
casing 170. In a prefened embodiment, the radial expansion of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the wellbore casing 170. In this manner, the expanded tubular member 155 is provided 



with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated in FIG. 1 b, after placement of the^^paratus 100 in an overlapping 
relationship witti the wellbore casing 170, a fluidlc material 185 Is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embodiment, the fluidic material is pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
merhber 1 55 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the ^ce of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the redial direction. Continued 

15 pumping of the fluidic material 185 preferebly causes the entire lenlgth of the tubular 
member 1 55 to expand in the radial direction. 

In a prefenred ennbodirnent, the pumping rate and pressure of the fluidic 
material 185 Is reduced during the latter sts^es of the extrusion process in order to 
nfilnimize shock to the apparatus 100. In a preferred embodiment, the apparatus 100 

20 includes shock jab^rbers for absorbing the shock caused by the completion of the 
extrusbn process. 

In a preferred embodiment, the extrukiori process causes the mandrel 145 to 
WDW in an a)dal direction 185. During the axial movement of the mandrel, in a 
preferred embodiment, the fluid passage 140 conveys fluidic material 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner, the operational 
efficient and speed of the extruslori process Is enhanced. 

in a preferred emt>odinient, the extrusion process includes the injection of a 
hardenable fluidic material into the annular regton between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 the expanded tubular member 155 and the interior walls of the wellbore 180. 

As illustrated in FIG. 1c. in a prefenred ernbodlment, upon the completion of the 
extruston process, the support member 105, packer 110, first fluid conduit 115, annular 
seal 130, second fluid conduit 135, mandrel 145, and niandrel launcher 150 are moved* 
from the weiltxDre 180. 
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In an attemative embodiment the apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In this alternative emtxxliment both ends of the tubular 
member 155 preferably include slips 160 and.seals 165. 

In an attemative embodiment, the apparatus 100 is used to form a tubular 
5 stmctiral support for a building or crf^cra stoicture. 

Referring now to FIGS. 2a. 2b, 2c, 2d, arui 2e, an apparatus 200 for expanding 
a tubular member virill be described. In a preferred embodiment the apparatus 200 
includes a support member (205, a rhandrel launcher 210. a. mandrel 215, a first fluid 
passage 220, a tubular member 225, slips 23D» seals 235. a shoe 240, and a second 
10 fluid passage 245. In a preferred embodiment the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
a[H>aratus 200 may be used to form a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, form a structural support member, or repair a wellbore casing, 
pipeline or structural support member. In a pr^fen'ed emt)odiment the apparatus 200 
15 is used to clad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support memt>er 205 preferably is a tubular member fabncated from any number 
of conventional commercially available materials such as, for example, oilfield country 

20 tubular goods, bw alloy steel, carbon steel, or stainless steel. The support member 
206. the mandrel launcher 210, the tubular member 225, and the shoe. 240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. fn a 
prefenred embodiment the support member 205 is releasably ooupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 21 0 upon the completion of 9n extrusion operation. 

. The mandrel launcher 210 is coupled, to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preiferably are a tubular member 
having a variable cross-section and a reduced wall thickness in order to fadlitate the 

30 radial expar^ion process. In a prefenred embodiment the cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215, and at the 
other end, the cross-sectional area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. In a preferred embodiment the 
wall thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to facilitate the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be fabrteated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low allow steel, stainless steel, or carbon steeL In a preferred embodiment, the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 225 in order to optimally 
match the bur^ strength 6f the tubular nr^ember 225. In a prefenred embodiment, the 
mandrel launcher 210 is removably coupled to the tubular m«nber 225. In this 
manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional commerdatly available materials such as, for example, machine tool 
steel, ceramics, tungsten carbkte, titanium or other high strength alloys. In a preferred 
embodiment, the angle of the conic sectton of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher iziO and the tubular 
member 225 in the radial direction. In a preferred embodiment, the surface of the conic 
sectton ranges from about 5B to 62 Rockwell C in order to optimally provide high yield 
strength. In a prefenred embodiment, the expansbn cone 215 is heat treated in order 
to optimally provUe a hard outer surface and a resilient interior body in order to 
optimally pro\rtde abrasion resistance and fracture toughness. In an altemataVe 
embodiment, the mandrel 215 is expendible in order to further optimally augrnent the 
r^ial expansion process. 

The fluid passage 220 is positioned within the mandrel 215. The fluid passage 
220 preferably adapted to convey fluidic materials such as cement, water, eppxy. 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 
preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior diamber 270 above the mandrel 215 may be fluWidy isolated 
from the interior chamber 275 betow the mandrel 215. 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
frxm any numt>er of conventional commercially available materials such as, for 
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exan^le, bw alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
In a prefenned embodvnent.:the tubular member 225 is fabricated from oilTield isountry 
tubular ^ xids. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferatrfy are adapted to couple to the interior walls of a casing, pipeline 

or other structure upon the radial expansion of the tubular nrtember 225. In this 

manner, the slips 230 provide structural support for the expanded tubular member 225. 

The slips 230 may be any number of conventional commerdalty available slips such 

as, for example, RTTS packer tungsten cart)ide mechanical slips, RTTS packer wk:ker 
10 type mechanical slips, or Model 3L retrtevable bridge plug tungsten cari:)ide upper 

mechankal slips. In a preferred embodjnient, the slips 230 are adapted to support 

a}dal forces rar>ging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular member 225. 

The seals 235 preferably provide a fluidic seal between the outskle surface of the 
15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 

stnjcture upon the radial expansion of the tubular member 225. In this .manner, the 

se^ 235 provide a fluidic seal for the expanded tubular member 225. The seals 235 

may be any number of conventional cmnmerctally available seals such as. for example. 

nitrile rubber, lead, Aflas rubber, Tefton, epoxy or other elastomers, in a preferred 
20 embodiment, the seals. 235 are conventimal njbber seals a^ilable from various 

oornmerctal vendors in order to. optimally provide pressure sealing and load bearing 

capacity. 

The shoe 240 is coupled to the tubular nnember 225. The shoe 240 preferably 
is a substantially tubular menf)ber having a flukl passage 245 for conveying ftuMIc 

25 materials from the chamber 275 to the annular regbn 270 outside of the apparatus 
200. The shoe 240 may be any humt>er of conventional commerdalty available shoes 
such as, for example, a Super Seal II ftoat shoe, a Super Seal H Down-Jet float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the shoe 240 is an 

30 aluminum dowrv-jet guide shoe with a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in accordance with the teachings of the 
present disclosure, in order to optimally guMe the tubular member 225 in the wellbore, 
optimally provide a fluidic seal between the interior and exterior diameters of the 
overiapping joint between the tubular members, and optimally factiitate the complete 
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drilling out of the shoe and plug upon the oonrpletlon of the cementing and radial 
expansion operations. 

During c4>eration of the apparatus 200, the apparatus 200 is prefe^)ly:lowered ' 
into a weIBt)on» 280 having a preexisting section of wellbore casing 275. In a preferred 
embodiment the apparatus 200 positiorad with at least a portion of the tubular 
member 225 overiapping with a portion of the welibore casing 275. In this manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the welibore 
casing 275. In a prefenBd embodiment, the radial expansion of the tubular member 
225 will also cause the slips 230 and seals 235 to engage with the Interior surface of 
the welibore casing 275. In this nrtanner, the e)g)anded tubular member 225 is provided 
wHh enhanced stmctural support by the slips:230 and an enhanced fluid seal by the 
seals 235. r : 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overiapping 
relationship with the welibore casing 275, a fluidic material 280 is preferably pumped 
into the chamber 270. The fluMic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245, and Into the annular regton 270. In a prefen-ed 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. Iri a preferred embodiment the fluidic material 280 is a 
hardenable fluidic sealing material In order to form a hardened outer annular member 
around the expanded tubular member 225. ' 

As illustrated in FIG. 2c, at some* later point in the process, a ball 285, plug or 
other similar devioe, is introduced into the pumped fluidic material 280. In a preferred 
embodiment the b^ll 285 mates with and seals off the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluidlcly isolated from the chamber 275. 

As illustrated in FIG. 2d, after placement of the ball 285 in the inlet 265 of the 
fluid passage 220, a fluidic material 290 is pumped into the cliamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9.000 psi and 0 to 3,000 gallons/minute in order to 
provide optimal operating efficiency. The fluidic material 290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud. cement, epoxy, or slag mix. In a preferred embodiment, the fluidic material 290 is 
a non-hardenable fluidic material in wi&r to maximize operational efficient. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
b)creases the operating pressure within the chamber 270. The increased operating 
5 pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 21 5. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 

10 causes the entire length of the tubular member 225 to expand in the radial direcfion. 

In a prefenied embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extnjsfon process in order to 
minimize shock to the apparatus 200. In a preferred embodiment, the apparatus 200 
includes shock absori:>ers for absorbing the shock caused by the completion of the 

15 extmsion process. In a prefen^d embodiment, the ex&usion process causes the 
mandrel 215 to move in an axial directton 295. 

As illustrated in FIG. 2e, in a prefened embodiment upon the compietton of the . 
extrusion process, the support member 205, packer 210, first fluid conduit 215, annular 
seal 230. second fluid conduit 235. mandrel 245, and mandrel launcher 250 are 

20 removed from the wellbore 280. In a preferred embodiment, the resulting new section 
of wellbore casing Includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips 230. the seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

In an aKemative embodiment, the apparatus 200 is used to repair a preexisting 

25 wellbore casing or pipeline. In this altehfiative embodiment both ends of the tubular 
member 255 preferably include slips izeo and seals 265. 

In an alternative embodiment the apparatus 200 is used to fomn a tubular 
structural support for a building or offshore structure. 

In a prefened embodiment, the tubular members 105 and 225; shoes 240; 

30 expanston cone launchers 150 and 210; and expansfon cones 145 and 215 are 
provided substantially as described in one or more of the following U.S. patent 

applkations: (1) utility patent application number . attorney docket 

number 25791.9.02, filed on 11-16-1999. which claimed ttie benefit of the filing date of 
provisional patent application number 60/108.558, attomey docket number 25791.9. 

35 filed on 11-16-1998; (2) utility patent application number attomey docket 
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number 25791.3,02. filed on 12-3-1999, which claimed the benefit of the filing date of 
provisional patent application number 60/111.293. attorney dock^ number 25791.3. 

filed on 12-7-1998; (3) utility patent application number , attorney docket 

number 25791.8.02. filed on 2-10-2000. which claimed the benefit of the filing date of 
5 provlstonal patent applicatton number 60/119.611, attorney dodtet number 25791.8, 
fDed on 2-11-1999; (4) provisional patent application number 60/121,702. attorney 
docket nun*er 25791.7, filed on 2-25-1999; (5) provisional patent application number • 
60/121.841, attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
patent appncation nurhber 60/121,907, attorney docket number 25791.16, filed on 2- 
10 26-1999; (7) provisional patent application number 60/124,042, attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent application numlwr 60/131,106. 
attorney docket number 25791.23. filed on 4-26-1999; (9) provistonal patent application 
number 60/137,998, attorney docket nun*er 25791.17, filed on 6-7-1999; (10) 
provtstonal paterA appllcatim number 60/143.039, attorney docket number 25791.26. 
15 filed, on 7-9-1999; (11) provisional patent application number 60/146,203, attorney 
docket number 25791.25, filed on 7-29-1099; (12) proviskxial patent appiicattoh 

nuv^ , atlomey docket number 25791.29. filed on 9-16^1999; (13) 

provistonal patent appHcatioh number ■ attorney docket number 

25791.34. filed oh 10-12-1999; (14) provlskNial patent application number , 

20 attorney docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
application number 60/159,033, attomey docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent applicBtk>n number .; attomey docket 

numbw 25791.27. filed on 11-01-1999. Applicants Incorporate by reference the 
disclosures of these applications. 
25 Although illustrative embodiments of the invention have been shown arid 

descrftied, a wide range of, modHfcation. changes and substitution is contemplated In 
the foregoing dfectosure. In some instances, some features of the present invention 
may be employed wtttiout a corresponding use of the other features. Aocondingly, it is 
appropriate that the appended claims be.constnied broadly and in a manner consistent 
30 with the scope of the invention. 
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Claims 

1 . A methcxl of coupling a tubular member to a preexisting staicture, comprising: 
prefbmiing the tubular member to include a first portion, a second portion and a 

third portion; 

pladng a mandrel within the second portion of the tubular member; 
positioning the hjbular member in an overlapping retatioriship to the preexisting 
structure; 

pressurizing an interior regton within the tubular member above the mandrel; 

and 

dfepladng the mandrel with respect to the tubular member. 

wherein the inside diameter of the second portion of the tubular member is 
greater than the Inside dlanr>eters of the first and third portions of the tubuldr nf)ember, 

wherein the pressurizing is provided at operating pressures ranging from 0 to 
9,000 psi; and 

wherein the pressurizing is provided at flow rates ranging from 0 to 3.000 
gallons/minute. 

2. An apparatus for coupling a tubular member to a preexisting stmcture, 
comprising: 

means for prefomning the tabular inernber to tndude a first portion, a second 
portion and a.third portion; 

means for pladng a rnandrel vrithin the second portion, of the tubuteir member; 

means for positioning the tubular member in an overlapping relattonship to the 
preexisting structure; 

means for pressurizing ah interior tegton within the tubular member above the 
mandrel; and 

means for displadng the mandrel wth respect to the tubular nnember; 

wherein the inside diameter of the second portion of the tubular mernber is 
greater than the inside diameters of the first and Biird portions of tlie tubular member, 

wherein the means for pressurizing Is provided at operating pressures ranging 
from 0 to 9,000 psi; and . 

wherein the means for pressurizing is provided at flow rates ranging from 0 to 
3,000 gallons/minute. 
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3. An apparatus, comprising: 
a preexisting structure; and 

a tubular member coupled to the preexisting structure by the process of: 
preforming the tubular member to indude a first portion, a second port^ 
5 third portion; 

placing a mandrel within the second portion of the tubular memt)er; 
positioning the tubular member. In an overlapping relationship to the preexisting 
structure; 

pressurizing an interior region within the tubidar member above the mandrel; . 

10 and 

displacing the mandrel with respect to the tubular nriemben 
wherein the inside diameter of the seoorKl portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member; 
wherein the pressurizing is provided at operating pressures ranging from 0 to 
15 9,000 psi; and 

wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 
galtonsAininute. 
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